We present an alternative quantization for irreducible open gauge theories. The method relies on the possibility of modifying the classical BRST operator and the gauge-fixing action written as in YangMills type theories, in order to obtain an on-shell invariant quantum action by using equations characterizing the full gauge algebra. From this follows then the construction of an off-shell version of the theory. We show how it is possible to build off-shell BRST algebra together with an invariant extension of the classical action. This is realized via a systematic prescription for the introduction of auxiliary fields. *
Introduction
It is well known that an on-shell quantization of general gauge theories, i.e. gauge theories which are reducible and/or whose classical gauge algebra is closed only on-shell (for a review see Ref. [1] ), can successfully realized in the Lagrangian approach by the Batalin-Vilkovisky (BV) formalism [2] .
In this framework, the field content of the theory is doubled by the introduction of the so-called anti-fields. The procedure consists, through the elimination of the antifields via a gauge-fixing fermion of ghost number (−1), in the construction of the quantum theory in which the effective BRST transformations are nilpotent on-shell.
Let us note that the BV approach is not the only alternative to quantize reducible and/or open gauge theories. Indeed, the introduction of a set of auxiliary fields, as in supersymmetric theories [3] or in BF theories [4] , may close the gauge algebra, and then gives the possibility to use the standard BRST formalism in the context of the Faddeev-Popov procedure [5] .
However, no systematic prescription exists in order to introduce these auxiliary fields so that an approach that will be able to realize the on-shell as well as the off-shell quantization of general gauge theories in a systematic way will appear to be superior to all other available schemes.
Recently [6] we show for the case of simple supergravity how an on-shell quantization approach of the theory can lead, via a convenient procedure, to find out the structure of auxiliary fields as well as the full BRST operator that realize off-shell quantization of the theory. The aim of the present paper is to extend the analysis developed in Ref. [6] in order to discuss general irreducible open gauge theories, irrespective of the underlying classical action.
The paper is organized as follows: In Sec. 2 we perform on-shell quantization for a general irreducible open gauge theory by using the structure of the gauge algebra. This is a new more natural quantization procedure, in the sense that we will not relying on any set of extra fields. Sec. 3 is divided into two subsections. In the fist one we show how it is possible to introduce a set of auxiliary fields to build the full off-shell quantum action and the associated off-shell BRST symmetry for the case of irreducible open gauge theories of type (2, 2) . The invariant extension of the classical action is also given. In the next subsection, a complete generalization is given. In Sec. 4 the specific problem of the construction of the minimal set of auxiliary fields for any given irreducible theory is analyzed. Section 5 is devoted to concluding remarks.
On-shell Quantization
Let us consider an arbitrary gauge theory whose classical action S(Φ i ) possesses local gauge symmetries
with
where {Φ i , i = 1, ..., N} describes the set of classical fields of the theory and the operators R 
Dealing with irreducible symmetries [1] , we also have
where A represents an arbitrary set of indices. The condition (3) allows to define d operators ∆ α
which satisfy ∆ α S = 0.
The graded commutator of two transformations is then given by
Considering that the set of the R i α is complete, i.e. all the symmetries of S are known, one can easily find that the most general form of the gauge algebra reads [1] [∆ α , ∆ β ] Φ i = T 
Therefore, the properties of the gauge algebra will depend on the nature of the structure functions T λ αβ and the non closure functions V ij αβ , which depend in general on the classical fields and are graded antisymmetric with respect to (αβ) and (ij). In view of Eq. (8), the generalized graded Jacobi identity can be put in the form
where (αβγ) means a cyclic sum over α, β, γ and ", k" means a variation with respect to Φ k . However, the standard BRST approach consists in the replacement of the local gauge invariance by a global one. This symmetry is encoded in an operator δ defined via the replacement of the gauge parameters ε α by the ghost fields c α with parity (α + 1) and ghost number (+1), we have
which maintains the classical action invariant. It is easy to show that the action of δ on Φ i is nilpotent on-shell, so that
where
provided that the transformation of the ghost is given by
which is also nilpotent on-shell. Indeed, by using the graded Jacobi identity, we obtain
This means that R i λ δ 2 c λ vanishes on-shell and because R i λ describes irreducible transformations, then δ 2 c λ also vanishes on-shell and can be cast in the form
where the new non closure functions Z αj satisfy Eq. (13) . This characteristic equation represents the fact that Z αj are not completely independent from V ij . It can also be derived by acting δ on Eq. (11) and written as
where ", α" means a variation with respect to c α . One can remark that the above equation is of the third order in ghost, and indicates the possibility of existence of a new characteristic function V ijk defined by
where V ijk are restricted by the total graded antisymmetry,
We can also introduce a function Z αij from the ghost non closure function Z αi by acting δ on Eq. (14) and find then the following characteristic equation
It is worth noting that an other application of δ on Eq. (16) (Eq. (17)) leads to an equation which allows to introduce an other function of type V ijkl (Z αji ), and so on for all orders of application of δ. The general characteristic functions produced in this way are all related by equations derived in the same way as Eqs. (16) and (17). We denote the characteristic functions defined from an equation of order n in application of δ by V i 1 ...in n and Z αi 1 ...i n−1 n . They are graded antisymmetric with respect to the indices i l (l = 1, ..., n − 1, n). At an order (n + 1) we find the following characteristic equations
where graded antisymmetrization over all independent combinations related to the indices (i 1 , ..., i n ) must be carried out. Note that the functions V n and Z n have parity (i 1 + ... + i n + n mod2) and (α + i 1 + ... + i n−1 + n mod2) and ghost numbers (n) and (n + 1), respectively. The existence of these characteristic functions V n and Z n permits a classification for irreducible open gauge theories. We will say that a theory is of type (p, q) in the case where V n = 0 (Z n = 0) for n > p (n > q). For example, global supersymmetric theories as well as Super-Yang-Mills theories are of type (2, 1) while simple supergravity is of type (2, 2) .
In what follows we turn to discuss how to construct the quantum theory of a classical open gauge theory of type (p, q). It is obvious that a δ-exact form of the gauge fixing action cannot be suitable to build the full invariant quantum action, because of the on-shell nilpotency of the BRST operator δ. To this end, we generalize the prescription discussed in Ref. 6 for the case of simple supergravity by simply modifying the classical BRST operator δ. As a consequence the gauge-fixing action written as in Yang-Mills theories must be also modified, so that the complete quantum action becomes invariant. We first introduce the gauge fermion Ψ of ghost number (−1) to implement the gauge constraints F α = 0 associated to all the invariances of the classical action S, we have Ψ =c
wherec α (α = 1, ..., d) represent the antighosts with parity (α + 1) and ghost number (−1), which allow as usual to define the Stueckelberg auxiliary fields b α through the action of the transformation δ, so that
Let us note that the gauge-fixing functions F α depend only on the classical fields Φ i , since the gauge symmetries are considered as irreducible. At the quantum level we have to define a modified BRST operator Q. This will be done by introducing a set of operators δ n given by
for the classical fields, and
where a n = . For the other fieldsc α and b α the action of the δ n operators is taken to be trivial, i.e. δ 0c α = δc α , δ 0 b α = δb α and δ nc α = δ n b α = 0 for n > 0. We are now able to define the effective BRST operator Q
which leaves invariant the following full quantum action S q
The first term (n = 0) of the gauge-fixing action, S gf = p−1 n=0
δ n Ψ, leads to the standard result of the Yang-Mills type theories while the other terms describe higher ghost couplings which characterize open gauge theories. To prove the invariance of the quantum action (25) under the effective BRST symmetry defined by (24-a,b) we take advantage of the characteristic equations (18) and (19) together with the on-shell nilpotency (11) and (14) of the classical BRST operator δ.
Furthermore, using again the characteristic equations (18) and (19), we find that the effective BRST operator Q is nilpotent on-shell at the quantum level, i.e. with respect to the quantum equations of motion derived from the quantum action (25). Indeed, we have
It is remarkable that the used prescription, which simply consists in the modification of the classical BRST operator and of the gauge-fixing action written as in Yang-Mills theories, provides a natural on-shell quantization scheme for open irreducible gauge theories in the sense that it does not need to rely on any set of extra fields (such as antifields).
Off-shell Quantization
We are going now to discuss how we can introduce auxiliary fields, as generalization of the approach developed in Ref. [6] , so that we end up with an off-shell structure for open gauge theories. To this end, and for the sake of the procedure, we perform first the generalization for classical open gauge theories of type (2, 2), then a complete generalization will be straightforwardly given.
Open gauge theories of type (2, 2)
In this case the theory is only characterized by the functions V ij and Z αi and all the remaining characteristic functions V n and Z n for n > 2 vanish. Also for simplicity and to present computations leading to insight in the generalization of the analysis in Ref. 6 to open gauge theories, we consider an open gauge algebra of type (2, 2) in which the classical degrees of freedom (Φ i ) as well as the different parameters of the classical symmetry (ε α ) are taken to have odd parity.
For this considered theory the characteristic equations associated to the gauge algebra (18, 19) becomes
where S(...) means that a symmetrization over the indices in brackets is carried out. Let us now introduce the space ∁ of the
which satisfies the orthonormality condition
where the trace operation is considered as the scalar product on the matrix space. One may also define the inverse basis of (30)
Furthermore, each matrix M belonging to ∁ may be also decomposed into a symmetric matrix and an antisymmetric one, i.e.
In other terms this means that ∁ can be decomposed into two subspaces, i.e. ∁ = ∁ 0 ⊕ ∁ 1 where ∁ 0 is the subspace of the symmetric matrices of dimension d(d + 1)/2 and ∁ 1 is the subspace of the antisymmetric matrices of dimension
From all the possible basis on ∁, we will choose the one which is build from the basis of ∁ 0 and ∁ 1 , in order to have
where A = 0 (= 1) for the Γ A belonging to ∁ 0 (∁ 1 ). Let now show that the introduction of such a basis for ∁ is of great help in the introduction of auxiliary fields and then in performing the off-shell quantization of the theory. To this end, one can put the full quantum action of the theory (25) in the form
where F ρ,i = δF ρ /δΦ i . We will focus us on the second part of the right hand side of (34)S
By noting F ρ,i F σ,j = F ρσ,ij , we can perform a kind of Fierzing [3] on (35). This is based on the observation that the term V ij αβ F ρσ,ij can be viewed for fixed α and σ as an d × d matrix which can be expanded into the complete set of Γ A , we have
where all the C A ασ are completely determined by (31)
Doing the same operation once again on V ij αλ F δσ,ij in (37), the action (35) can be cast in the form
We are now able to make the following identifications for the auxiliary fields
These fields have even parity and ghosts number zero. The action (38) will then take the formS
By a direct calculation one finds:
, and then no symmetrization is required in (40). Since no ghost terms are explicitly occurring in the action (40) obtained for the d 2 fields P A , it can also be considered at the classical level in the way that classically, we can putS
which will represent the classical extension of the classical action S of the theory. Before investigating the symmetries of this action, an important remark must be pointed out in order to show that the fields P A play totally the role of auxiliary fields of the theory. The fact that the classical extension (42) is algebraic in P A (it contains no derivative terms in P A ) allows us to see that they are non propagating (non dynamical) fields. They must also not introduce any new degrees of freedom to the classical theory, i.e. their equations of motion derived from (42) must be completely solved. This is simply guaranteed by the implicit functions theorem [9] . Indeed, at the dynamical level, the equations of motion of the d 2 fields P A reads
and the above mentioned theorem affirms that the condition
ensures that the system of the In view of (42), for any open gauge theory of type (2, 2) the condition (44) leads to the fact that W AB must have an inverseW AB such that
Let us remark that these two conditions lead forW AB as W AB to the same symmetry property. Now, one can show that the actionS = S + W AB P A P B is invariant under the action of the operator ∆ defined by
One may note that the explicit form of K iA α [Φ] (47-a) which extends the classical symmetry in (46-a) can be simply derived by performing rearrangement of type (36) in the on-shell BRST transformation QΦ i on the term V ij αβ F λ,j viewed for fixed α.
The rest of our task is basically twofold. On the one hand we have to check the ∆-invariance of the full quantum actioñ
which contains the gauge-fixing terms. On the other hand, one has to show that the defined BRST operator ∆ is nilpotent off shell in order to achieve the proof that the above introduced fields P A are the desired auxiliary fields. However, one can remark that in view of (48) 
We note, in particular, that to prove this we have used beside the characteristic equations (28-a,b) the trivial but very helpful identity
We turn now to show the off-shell nilpotency of the BRST operator ∆. On the classical fields Φ i it is simply derived from (50) which implies ∆ 2 Ψ = 0, and then
On this ground, a particular observation on the gauge-fixing functions can be done. These functions F λ [Φ] must not possess any invariance whatever was the transformation on Φ i , i.e. for any set of transformations
where "ω" label the set of transformations of Φ i . This clearly leads to
This condition on the gauge fixing functions allows us from (52) to prove the off-shell nilpotency of ∆ on the classical fields Φ i . That condition remains essential if we undertake to show this off-shell nilpotency by a direct computation of ∆ 2 Φ i . Indeed, it permits us to obtain
which is necessary to the direct proof of
Let us precise that in deriving (55) we have used the other trivial but useful identity K 
which is easily proven from the identity Z 
Finally, the off-shell nilpotency of ∆ on the auxiliary fields P A can be simply deduced from (56) and (58). Indeed, the evaluation of
which, in view of (56), (58) and (46-a) implies
then, by the application of Γ B αβ F β,i , which is non-degenerate in view of (53) and the existence ofΓ A , it follows that
Using the fact that an inverse for W AB must exist, we get
which ends up with the proof that the BRST operator ∆ given by the above prescription applied for open gauge theories of type (2, 2) is nilpotent off shell.
Open gauge theories of type (p, q)
Although the general case of open gauge theories of type (p, q) contains more characteristic gauge functions as well as more associated characteristic equations (18, 19), almost of all the general features leading to build up the off-shell version of an on-shell open gauge theory are expressed in the case of theories of type (2, 2). Indeed, the typical rearrangement introduced in (36) together with the field redefinition (39) which allow us to identify the auxiliary fields of the theory and the crucial condition (44) remains unchanged and sufficient to formally find out the off-shell BRST operator and the classical extension for any given open gauge theory of gauge fields Φ i enriched with the set of auxiliary fields. We then only concentrate on particular remarks that stand out in the general case, all other results will be directly given. These remarks are basically twofold. The first one affects the general form of the action obtained for the on-shell quantum theory (25). This action contains clearly higher order ghost-antighost couplings and could be recast in the form
where Q is the on-shell BRST operator defined by (24-a,b). Expressing each term of p−1 n=1 n n+1 δ n Ψ occurring in the above expression by using (22-b) one obtains n n + 1
developing then the V i 1 ...in n functions in terms of the ghost fields in the same way we have done in (11),
and also expressing the gauge fermion Ψ in function of the antighost fields, using Ψ = F β [Φ]c β , we find that for any order "n" in (63) a term of type V
contributes to the quantum action. They are of even order in ghost-antighost pairs whatever the integer "n" is. By performing the Fierz-like rearrangement (see Eq.(36)) n + 1 times on each coefficient of these terms using the orthonormality property of the basis {Γ A } A=1,...d (31) we show that they can be put in the form
where a sum over (A 1 , ...A n+1 ) is underlaid. Thus the higher order terms in the quantum action (63) acquire the form
where all the coefficients W
[Φ] are completely defined by Eqs. (64), (65) and (66). We are now able to perform the same identifications as in the previous subsection for the auxiliary fields (39), i.e. P A ≡ cΓ A c . To step forward we have to make an other remark which can be crucial for practical application of our prescription. In the general case the d 2 fields P A constructed in this way have no defined grassmannian parity. Indeed, since the ghost and antighost fields (c α , c β ) associated to the classical symmetry parameters (ε α ) have various grassmannian parities, any bilinear combination of them will not have any defined parity. For that reason this redefinition is taken to be purely formal. For practical application we have to split the formal set of fields P A into sets having well defined parities. This can easily done in the following way. The general set of the "d" symmetries can be divided into the set of the "d b " bosonic symmetries and the set of the "d 
which can be condensed in the notation
, where each value of "a" denotes one of the four sectors of Γ A . Then the set of the fields P A can be viewed as a supermultiplet containing the bosonic as well as the fermionic auxiliary fields, i.e. P A ≡ P [Φ] P A 1 ...P A n+1 , will be practically written as
where the functions W [Φ], see Eq.(66) and the definition of the P A a . In what follows we pursue only with the formal notation P A for the auxiliary fields, but keeping in mind that for practical applications we have to go back to the fields P A a in order to obtain the correct representation of the auxiliary fields.
Let us now introduce the classical extensionS (Φ, P ) of the classical action of the theory S (Φ)
and by applying the same procedure as for the (2, 2)-type open gauge theories, one expands in ghost-antighost pairs the on-shell BRST operator Q acting on the gauge fields Φ i (24-a) in order to obtain the off-shell BRST symmetry of the classical action (70). Each term of Q, i.e.
Ψ ,i 1 ...Ψ ,in clearly contains "n" pairs (c α , c β ), then by performing "n" times the Fierzlike rearrangement and also make the suitable identification for the auxiliary fields P
A we obtain the following BRST transformation on Φ
where δ is the standard BRST operator. In order to consider the fields P A as auxiliary fields we still impose the general condition det δ 2S (Φ, P )/δP A δP B = 0. To this purpose it is convenient to put the action (70) in the form
whereŴ 
Then by defining the action of ∆ on the auxiliary fields
a tedious but a straightforward calculation leads to the ∆-invariance of the classical extensionS (Φ, P ). The last step will consist in showing the off-shell nilpotency of the BRST operator ∆. To this purpose we supplement the definition of ∆ with its application on the ghost fields c α in the same spirit as in the case of the gauge fields Φ i . First we begin to expand in ghost-antighost pairs the on-shell BRST operator Q acting on c α (24-a), this involves functions of type Z (see Eq.(23-b)) by acting on the (n + 2) − th order term c λ 1 ...c λ n+2 as well as the gauge fixing terms F β 1 ,i 1 ...F β n+1 ,i n+1 related with the n − th order term in antighost fields c β 1 ...c β n+1 . Thus, each term in the definition of the on-shell BRST operator Q contributes with a term of order "n" in ghost-antighost pairs (c α , c β ), then performing "n" times the Fierz-like rearrangement (36) and also applying the prescribed identification for the auxiliary fields P
A we obtain the following form for the BRST transformation on c α (for best insight, one may return to Eqs. (49-a,b) )
which can be easily put in the more convenient expression
Then we can show by a last tedious calculation, that the obtained BRST operator ∆ defined by Eqs. (73), (74) and (75) is nilpotent off shell, i.e.,
where X describes all the fields of the theory. However, let us note that in addition to the characteristic equations (18 and 19) the proof of the offshell nilpotency of ∆ requires the condition (53) imposed on the gauge fixing functions.
Once we get the off-shell nilpotency of ∆, the gauge fixing action occurring in the full quantum action of the theory can be put in the usual ∆-exact form, i.e., S q =S + ∆Ψ.
Minimal and non-minimal set of auxiliary fields
We are going now to investigate one of the most typical feature of theories that contain auxiliary fields. For those theories we remark that the number of auxiliary fields is not unique, but in all cases we may find a minimal set of these fields (for a review see Refs. [3] and [10] ). In this chapter we will see how this statement can be analyzed and reproduced in the general framework of the ideas suggested in this paper. We firstly deal with theories of type (2, 2) then we briefly discuss the general case (p, q) which doesn't bring anything new to the spirit of the approach.
In the above chapters we show how we can start with an on-shell open gauge theory to end up with the corresponding off-shell version. The procedure is essentially based on the identification (39) for the auxiliary fields, i.e., 
Our task consists now in showing that we could eliminate one of the two above representations of auxiliary fields without affecting the other one. To this aim one can remark that the auxiliary fields P A appears in the off-shell version of the theory at two levels: in the classical extension of the classical action (42) and in the off-shell BRST operator ∆. In both of them they are associated to coefficients that involve the characteristic functions of the theory and the different gauge fixing functions. It is the last dependence that will be investigated. We first introduce from the gauge fixing functions
Such a definition is guaranteed by the existence of the inverse basisΓ A . Thus we have
We can observe that the inverse basisΓ A can also be decomposed into symmetric and antisymmetric partsΓ A 0 andΓ A 1 in the way that using (32) we obtain
Upon this decomposition, the classical extension (42) reads
Note that W 00 and W 11 are symmetric in A and B, and W 
From this and from (84-a,d), the only coefficient that remains in (83) is W 11 and only the auxiliary fields P A 1 take part in the classical extension of the action. In order to completely eliminate the P A 0 it is necessary to show that they do not appear into the BRST operator ∆. Indeed, from (46-a,b) and (49) we findQ Since the keystone for the determination of the minimal (or non-minimal) set of auxiliary fields is the choice of the gauge fixing functions via the decomposition (82), no particular generalization is needed in the case of theory of type (p, q). The condition F of the genuine auxiliary fields with well defined parities obtained from the formal set P A as it is shown in the second part of section 3. In order to understand what will occur to the minimal and non-minimal configurations of auxiliary fields, we must notice that the "d To end this chapter, we will briefly discuss the particular case of simple supergravity (D=4 and N=1) to show how the procedure developed in this paper can be practically applied. In this theory [3] the classical dynamical gauge fields are the vierbein e a µ and the gravitino ψ 
where C is the charge conjugation matrix, and the supersymmetric index is omitted for simplicity. This on-shell structure follows easily from the open structure of the superalgebra of the simple supergravity. The characteristic functions V µν and Z ab ν are given by
where e = det(e a µ ) and g µν = e a µ e aµ . These characteristic functions are related upon characteristic equations [6] of type (28-a,b) and (29-a,b) and show that simple supergravity is of type (2, 2) . Since the only symmetry that is responsible for the opening of the classical algebra is supersymmetry, and following the procedure presented in this paper, the complete set of auxiliary fields will contain d 2 = 4 2 = 16 bosonic fields. To step forward and find out the complete representation of the auxiliary fields we need to define a convenient basis for the 4×4 matrix. Such a basis is given by the 16 matrix and γ 5 = γ 1 γ 2 γ 3 γ 4 . By taking advantage of the properties of the Dirac matrices one can show that this set of matrices split into the set of the six antisymmetric matrices (C, Cγ 5 , Cγ 5 γ a ) and the ten symmetric ones (Cγ a , 2Cσ ab ). According to this basis the sixteen bosonic degrees of freedom expected for the auxiliary fields will be distributed with respect to the following multiplet representation (S(scalar), P (pseudoscalar), A a 5 (pseudovector)) for the minimal set and A a (vector), E ab (2nd − rank antisymmetric tensor)
for the non-minimal one. These are the standard results occurring in simple supergravity. Let us note that once we choose the standard gauge fixing function for supergravity i.e. F = eγ µ ψ µ we can see that the only coefficient W AB 11 (84-b) that remains in the minimal representation of auxiliary fields acquires the following simple form
which arises from the particular property of the characteristic function V µν , that for any arbitrary spinor ϕ we havecγ ν V µρ γ ρ ϕ = 0. This directly leads, from (83), to the usual classical extensioñ
One can also easily derive the associated BRST symmetry which is nilpotent off shell from the general equations (86-a,d) and (87-a,d) and find the standard results (see Refs. [3] and [6] ).
Concluding Remarks
In this paper we have presented a prescription leading to the construction of an off-shell BRST quantization scheme for irreducible open gauge theories. We first obtained the on-shell BRST full quantum action together with its associated on-shell BRST symmetries. This is realized upon taking advantage of the characteristic functions related to corresponding equations that characterize general open gauge algebras. From this follows the construction of the off-shell version of the theory. To this aim, we used a suitable field redefinition which permits us to find out the necessary set of auxiliary fields which leads to the classical extension of the classical action of the theory as well as to the off-shell BRST operator so that the quantization can be done in the standard way, i.e. as in Yang-Mills type theories. Let us note that we first apply our prescription to theories described by a gauge algebra with vanishing higher-order gauge functions, i.e. theories of type (2, 2) which contain all the subtleties required to the insight of the procedure. Then a direct generalization is given for any open gauge theory of type (p, q), with, however, particular technical remarks that stand out in the general case. In the last chapter we study the particular problem of the minimal set of auxiliary fields for any given open gauge theory. Then we end up with a quick formulation of the procedure for simple supergravity and reproduce the standard results. The exposed prescription should be compared to the Batalin-Vilkovisky (BV) approach to quantize gauge systems [2] . This comparison clearly stops at the on-shell level for the reason that in BV, the nilpotency of the BRST operator is guaranteed only on shell. It is worth noting that at this level the both of the two procedures leads to the same higher-order ghost coupling terms in the on-shell full quantum action. However, an interesting idea exists in order to extend the BV method to investigate a possible realization of an off-shell quantization procedure. In their approach (see Refs. [11] [12] [13] ) the authors are led to identify the auxiliary fields through the variation of the gauge fixing fermion with respect to the gauge fields of the classical theories. This method leads at first sight to three binding remarks. The first one concerns the non vanishing ghost number of the auxiliary fields obtained in this way. This clearly compromise the possibility to considering these fields at the classical level and thus jeopardize the construction of a classical extension of the theory. The second remark is related to the particular constraints taken by the authors on the gauge functions of the gauge algebra. These constraints imposed for internal consistency reduce considerably the logical simplicity of the theory and potential generalizations (see in particular Ref. [11] ). The last remark affects the representation (and then the number) of the auxiliary fields. Indeed, in their approach we see that these fields are inevitably in the same number that of the gauge fields with non vanishing ghost number and opposite statistic. This can rise the problem of the definition of the minimal set of auxiliary fields. Nevertheless, in Ref. [13] the authors bring a clever way to bypass this difficulty for the specific case of simple supergravity, but they take too much advantage of the particularities of the theory to envisage a smooth generalization to general open gauge theories. As a quick comparison, our prescription gives rise to auxiliary fields with vanishing ghost-numbers and their representation is only related, upon the field-redefinition (39), to the symmetries of the classical theory. This permits us in Sec. IV to analyze the question of the minimal representation in a general framework. Finally, the constraints used in this section are twice. The first and more important one (44) is a very general condition related to the nature of any set of auxiliary fields that impose to them that they must not introduce any new degrees of freedom to the classical theory and this condition finds its theoretical meaning in the very general explicit function theorem [9] . The second condition (53) is related to the gauge fixing functions that are taken to have not any kind of invariance, which is not a strong restriction in virtue of the freedom in fixing the gauge.
